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DIALYSIS – TRANSPLANTATION
Echocardiography overestimates left ventricular mass in
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Echocardiography overestimates left ventricular mass in hemo- tolic dysfunction, are both common findings in patients
dialysis patients relative to magnetic resonance imaging. treated with hemodialysis and have a major adverse prog-
Background. Left ventricular hypertrophy (LVH) is a com- nostic influence [1–4]. However, echocardiographic mea-mon finding and a strong adverse prognostic factor in patients
surements, particularly of left ventricular mass (LV mass),with chronic renal failure. An accurate method of measuring
are highly dependent on the timing of echocardiographyleft ventricular mass (LV mass) is therefore a prerequisite in
the management of these patients. Recent evidence has sug- in relationship to dialysis sessions and, by inference, to
gested that echocardiography overestimates LV mass in patients intravascular volume [5]. This variability has limited the
with essential hypertension, and this error increases with in- identification of absolute therapeutic targets for LV masscreasing LV mass.
in hemodialysis patients, although the prognostic impor-Methods. We studied 35 patients on maintenance hemodial-
tance of relative increases in LV mass has been clearlyysis within 24 hours of their last dialysis. LV mass was measured
by both echocardiography and magnetic resonance imaging established [1–3]. The development of an accurate, re-
(MRI) performed less than three hours apart. Clinic and ambu- producible means of determining LV mass, independent
latory blood pressure (ABPM), resting echocardiogram, and
of volume status, is therefore of great importance.blood sampling were performed at the same visit.
Magnetic resonance imaging (MRI) offers an alterna-Results. Thirty-two patients had results from both methods.
Clinic blood pressure, ABPM, and QT dispersion all correlated tive means of determining LV mass [6, 7]. MRI permits
with LV mass, with a stronger correlation observed for MRI direct measurement of LV mass and thus avoids the as-
values. Intraobserver and interobserver variability were signifi- sumption of normal geometry made in the cube calcula-
cantly greater for echocardiography (although similar to other
tion for LV mass by echocardiography [8], which is likelypublished data). Comparing the two methods, the difference
to account for volume-dependent errors [5]. MRI hasin LV mass values (echo minus magnetic resonance) increased
in a linear fashion with an increasing mean mass and chamber been anatomically validated [7, 9, 10] and shown to pro-
diameter. duce reliable estimates of LV mass in patients with essen-
Conclusions. Echocardiography significantly overestimates tial hypertension, the MRI estimates being lower thanLV mass relative to MRI in the presence of LVH and dilation.
those obtained by echocardiography [10, 11].This overestimation is the result of assumptions made in the
The aim of this study was to assess the utility of MRIcalculation of mass from echocardiography M-mode images,
which are invalid when LV geometry is abnormal. This error cardiac imaging in patients receiving hemodialysis treat-
is therefore amplified in dialysis patients, the majority of whom ment and to compare the measurements of LV mass
have LVH and in whom intravascular volume is constantly obtained using these two methods.changing.
METHODS
Echocardiographic abnormalities of left ventricular Thirty-five patients undergoing hospital hemodialysis
structure and function, specifically hypertrophy and sys- three times per week at the Western Infirmary, Glasgow,
were recruited to the study. The protocol was approved
by the hospital ethics committee, and all patients gaveKey words: dialysis, hypertension, left ventricular hypertrophy, cardio-
vascular disease, intravascular volume. written informed consent. Patients were studied on the
morning following hemodialysis and underwent bothReceived for publication January 29, 1999
MRI and echocardiographic measurements of LV mass.and in revised form June 7, 1999
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cardiac technician (E.R.), and the video images were ana- renz et al [males, mean LVMI 91 6 11 (CI 70 to 113);
females, mean LVMI 79 6 8 (CI 63 to 95)] [14].lyzed by one observer (G.S.) blinded to the identity of
All patients underwent ambulatory blood pressure re-the patient and the MRI findings. LV dimensions were
cording in the 24 hours following MRI and echocardiog-determined from two-dimensional guided M-mode im-
raphy. ABPM was performed using a Spacelabs 90207ages, using American Society of Echocardiography (ASE)
device on the nonfistula arm. Recordings were madeleading edge recommendations [12] and taking the mean
every 30 minutes during the day and every 60 minutesof three measurements. LV mass was calculated by the
overnight. In addition, a “clinic” blood pressure wasmethod of Devereux and Reichek [8, 10]:
taken after 10 minutes of rest in a seated position using
LV mass an Omron HEM-705 CP semiautomated digital monitor.
The mean of the two readings was recorded. A standard5 1.04[(LVIDd 1 PWTd 1 IVSTd)3 2 (LVIDd)3]
12 lead echocardiogram was also recorded and QT dis-
where LVIDd is left ventricular internal diameter in dias- persion (that is, the difference between the longest and
tole, PWTd is posterior wall thickness in diastole, and shortest measured QT interval) was determined as pre-
IVSTd is interventricular septal thickness in diastole. LV viously described [15].
mass index (LVMI) was calculated by dividing this value
Statistical analysisby the body surface area (BSA).
Magnetic resonance imaging was performed on a Sie- The data are expressed as mean (sd) or median (range)
for nonparametric data. Simple correlations were per-mens Impact Expert (Siemens Medical Engineering,
formed using the Pearson test. The measurements of LVBracknell, UK) operating at 1 Tesla. Pilot scans were
mass obtained in the study were compared by the methodobtained in order to plan a long axis through the left
of Bland and Altman [16]. The SPSS (SPSS Inc., Chicago,ventricle. Once a suitable long axis view was obtained,
IL, USA) statistics package was used.short axis images could then be positioned along it at a
slice thickness of 8 mm. Echocardiogram-gated multislice,
multiphase images were then obtained using a FLASH RESULTS
gradient echo sequence to acquire approximately six im-
Thirty-two patients (21 men) completed the study; threeages per slice at different phases of the cardiac cycle.
(1 male) were unable to tolerate MRI because of claus-Echo time (TE) was 12 mseconds, and the repetition
trophobia, and insufficient data were obtained to calcu-time (TR) was 80 mseconds. The average total imaging
late LV mass. Summary data on the echocardiographictime was dependent on heart rate but was approximately
and MRI measurements are shown in Table 1. In keeping
12 minutes. A pilot scan and a typical left ventricular
with previous echocardiographic studies, LVMI was ele-
slice at end diastole are shown in Figure 1. The images
vated with a mean value of 171 g/m2 [86.6; 193.7 g/m2
were analyzed by a single trained observer (M.C.) who (male) and 133.5 g/m2 (female)]. The corresponding val-
manually traced LV myocardial area at each slice in end ues obtained by MRI were significantly lower, with a
systole and end diastole. The area multiplied by the mean value of 111.1 g/m2 [31.0, P , 0.001, 122.3 g/m2
depth of each slice gave myocardial volume; LV mass (male) and 89.6 g/m2 (female)]. Although 65.7% of pa-
was calculated by multiplying this value by myocardial tients had echo values for LVMI greater than the upper
density (1.05). End-diastolic measurements were used in limits of normal (male 131 g/m2, female 100 g/m2 ) [13],
the comparison with echocardiography. only 43.7% of the cohort had left ventricular hypertrophy
Interobserver and intra-observer variabilities were cal- (LVH) when MRI normal limits (male 113 g/m2, female
culated after an analysis of five MRI and five echocardio- 95 g/m2) [14] were applied to the MRI mass values. Of
graphic images by independent trained observers (J.F. those patients with LVH defined by echocardiography,
and A.H.) and re-analysis of the images by the original only 52.4% had this confirmed by MRI, whereas 78.6%
observers blinded to the identity of the images. The of those with LVH defined by MRI had this confirmed
values quoted are mean percentage differences and stan- by echocardiography.
dard error of the mean. Normal ranges for echocardio- The Bland-Altman analysis showed that echocardio-
graphic LVMI are derived from the Framingham data graphic LV mass values were almost all greater than MRI
[13], and for MRI, we have used the largest published and that the relative difference increases with increasing
series of normal values [14]. We validated our MRI meth- mass. Thus, the greater the value of LV mass determined
odology by measuring LV mass in 11 normal subjects (5 by either method, the greater the difference between the
males, mean age 40.6). We found males to have a mean two techniques. This is shown graphically in Figure 2A.
LVMI 82.8 6 10.3 (CI 62.9 to 103.0) and females to The mean difference between the two methods of mea-
have a mean LVMI 79.9 6 10.6 (CI 59.1 to 100.7). This surement was 102.5 g with wide confidence limits (2136
to 341). The intra-observer variability was 8.8 6 7.1 gcompared favorably with the normal range cited by Lo-
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Fig. 1. (A) Pilot magnetic resonance (MR)
scan with a long axis plotted through the left
ventricle. (B) Typical short-axis slice through
the left ventricle in end diastole.
(4.3%) with MRI, compared with 30.9 6 14.7 g (9.6%) [17]. We were interested in the relationship between LV
for echocardiography. The corresponding interobserver mass and blood pressure. There were significant univari-
variability was 15.7 6 13.2 g (8.4%) (MRI) and 40.1 6 ate correlations with all blood pressure measurements
22.1 g (18.5%, echocardiography). (Tables 1 and 2). However, ABPM was more strongly
Because the available literature suggests that echocar- correlated with LV mass, and the correlations with MRI
diography gives higher estimates of LV mass in volume LV mass were stronger than echocardiographic measure-
overloaded patients, one would predict that the differ- ments. The relationship between LV mass and QT dis-
ence between the two techniques would increase with persal (corrected or uncorrected for heart rate) was also
ventricular dilation. This is clearly shown in Figure 2B, stronger for MRI measurements of LV mass. There were
where the abscissa represents echocardiographic end- no significant correlations between age, hemoglobin or
diastolic diameter rather than mean LV mass, in a modifi- parathyroid hormone (PTH) and LV mass determined
cation of the Bland-Altman plot. A percentage (9.4%) of by either method.
the cohort had LV dilation by MRI criteria [LV end dia-
stolic volume (EDV) . 81 ml/m2 (female), . 92 ml/m2
DISCUSSION(male)]. Using echocardiographic criteria, 8.6% were di-
The aim of this study was to determine the utility oflated [LV end diastolic diameter (EDD) . 5.2 cm (fe-
MRI cardiac scanning in hemodialysis patients, specifi-male), . 5.9 cm (male)] [13].
cally in the estimation of LV mass where the echocardio-All patients underwent ABPM, the results of which
graphic measurement is highly dependent on chamberare shown in Table 2. Interestingly, the results of 24-hour
volume [5]. The results demonstrate that MRI offers anmean systolic and diastolic pressures are comparable
alternative means of determining LV mass in hemodialy-with the semi-automated clinic measurements, although
ABPM usually gives a lower value in other populations sis patients and that the procedure was tolerated in more
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Fig. 1. (Continued).
Table 1. Mean echocardiographic and MRI values niques to measure LV mass, is which method gives the
best estimate. Both techniques have been anatomicallyMale (N 5 22) Female (N 5 13)
validated in experimental animals [8, 9] and in autopsyEDD cm 4.96 (0.53) 4.68 (0.94)
studies [7, 8, 10]. However, in none of these studiesMR EDV ml 130.3 (40.3) 89.6 (20.7)
LVMI g/m2 193.2 (89.9) 133.5 (68.4) were extremes of LV mass nor extremes of ventricular
MR LVMI g/m2 122.3 (32.5) 89.6 (10.1) distension included. Thus, although both techniques may
Echocardiographic and magnetic resonance imaging (MR) values [data are mean be valid in, for example, essential hypertension, neither(sd, standard deviation)] for the study population, divided by gender. Abbrevia-
tions are: EDD, echocardiographic end diastolic diameter; MR EDV, magnetic may be valid in hemodialysis patients. From a pragmatic
resonance imaging end diastolic volume; LVMI, echocardiographic left ventricu- viewpoint, quantitation of LV mass from MRI imageslar mass index; MR LVMI, magnetic resonance imaging left ventricular mass index.
is direct, and although without contrast it cannot differ-
entiate viable myocardium from fibrotic and edematous
areas, factors that are also likely to influence prognosis,
than 90% of patients. High-quality images were obtained the degree of hypertrophy or dilation is unlikely to affect
(Fig. 1), and the intra-observer and interobserver vari- the result. In contrast, the echocardiographic methodol-
ability were consistent with published values [7, 14]. The ogy for determination of LV mass is dependent on an
values obtained by echocardiography were consistently equation, the components of which are cubed values of
higher than those determined by MRI for masses above ventricular diameter and wall measurements, which has
the population mean, the difference being progressively only been shown to be valid in left ventricles with the
greater with increasing LV mass and ventricular dilation. normal geometry of a truncated, ellipsoid cone [8]. Sup-
The degree of variability for echocardiography, although porting this viewpoint is the fact that clinical parameters
higher than for MRI, is within published values for this (blood pressure, ABPM, and QT dispersion) correlated
method [8]. more strongly with LV mass measured by MRI.
The hypothesis on which this study was based was thatThe central question in this study, comparing two tech-
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Fig. 2. (A) Bland-Altman analysis and (B) influence of dilation on the echocardiographic calculation of mass. Bland-Altman plot of the difference
in left ventricular mass measurement against the mean of the two measurements. Echocardiographic mass is calculated using the cube formula
and corrected by the Penn convention. Magnetic resonance mass is measured in end diastole. The mean difference between each method of
measurement is 102.5 g. Levels of agreement (mean difference 6 2 sd) are 2136 and 341 g. (B) Here the plot of the difference in left ventricular
mass measurement (as for A), against the echocardiographic end-diastolic diameter is shown.
Table 2. Clinical details and correlations with LVMI
Mean (sd) MR LVMI P Echo LVMI P
Age 45.7 (13.9) 0.0 NS 0.15 NS
Clinic SBP mm Hg 138 (30.0) 0.64 ,0.001 0.56 ,0.001
Clinic DBP mm Hg 82 (16.0) 0.65 ,0.001 0.61 ,0.001
ASBP mm Hg 135 (26.9) 0.80 ,0.001 0.73 ,0.001
ADBP mm Hg 82 (19.0) 0.81 ,0.001 0.70 ,0.001
QTd mm 60.3 (30.0) 0.55 0.001 0.46 0.005
cQTd mm 70.2 (32.4) 0.56 0.001 0.44 0.008
Hb g/dl 10.8 (1.8) 20.28 NS 20.23 NS
Alb g 36.7 (12.5) 20.30 NS 20.28 NS
PTH lmol 47.2 (40.2) 20.15 NS 20.10 NS
Clinical data and correlations with echocardiographic (echo) and magnetic resonance (MR) left ventricular mass index (LVMI), using Pearson’s statistic. Significance
(P) is for a two-tailed t-test. Abbreviations are: Clinic SBP and DBP, clinic systolic and diastolic blood pressure; ASBP, ambulatory systolic blood pressure; ADBP,
ambulatory diastolic blood pressure; QTd, electrocardiogram QT dispersion; cQTd, rate corrected QT dispersion; Hb, hemoglobin; Alb, albumin; PTH, parathyroid
hormone.
the reliance of echocardiographic estimates of LV mass the group were at their “ideal weight” at the time of
scanning and that less than 9.5% had LV dilation (byon ventricular chamber diameter would lead to an over-
estimation of LV mass in patients with a degree of LV echocardiographic or MRI criteria).
Thus, this preliminary study supports the hypothesisdilation. This was based on prior studies demonstrating
a fall in estimates of LV mass in patients studied follow- that echocardiography is likely to overestimate LV mass
in hemodialysis patients because of abnormal LV geome-ing a hemodialysis session compared with predialysis
values in the same patient [5], despite the fact that no try even when apparently at their “dry” or “ideal weight”
and suggests that MRI may give a more robust, reliable,change in true LV mass should occur. The reduction in
calculated LV mass parallels changes in intravascular and reproducible measurement of LV mass. The clinical
relevance of this finding is apparent when consideringvolume and LV chamber diameter that occur during
ultrafiltration. We therefore expected that echocardio- that almost half of the patients with echocardiographic
LVH had a normal LVMI when measured by MRI. Thisgraphic measurements would show a close relationship
with chamber diameter and thus overestimate LV mass does not negate the published findings from echocardio-
graphic studies that have clearly demonstrated the prog-when the ventricle was dilated. The results confirm this
relationship (Fig. 2B) despite the fact that over 90% of nostic importance of LV mass in dialysis patients. These
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Kidney Int 36:286–290, 1989with a dilated left ventricle [1]. An earlier study by Silb- 4. McGregor E, Jardine AG, Murray LS, Dargie HJ, Rodger RSC,
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